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WHAT IS CLAIMED IS: 

1. An air seal for use in a gas turbine engine having 
improved durability, comprising: 

a seal substrate; and / 

an abradable seal layer on the seal substrate, said 
abradable seal layer being composed of a densif ied polyimide 
foam. 



2. An air seal according to claim 1, wherein said 

Q 

v 3 abradable seal layer has at least one layer of said densified 
\2 polyimide foam. 

( L's 

*y 

fyj 3. An air seal according to claim 1, wherein said 

p * abradable seal layer comprises a plurality of layers of said 

3 

tj densified polyimide foam. 

CO 

Uf 

C3 4. An air seal according to claim 1, wherein said 

C3 

Ijl polyimide foam has a density of at least 10 pounds per cubic 
foot. 



5. An air seal according to claim 1, wherein said 
polyimide foam has a density of at least 15 pounds per cubic 
foot . 

6. An air seal according to claim 1, wherein said 
polyimide foam has a density in the range of from 12 pounds per 
cubic foot to 25 pounds per cubic foot. 



7. An air seal according to claim 1, wherein said 
polyimide foam has a shear strength of 140 psi to about 325 psi. 
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8. An air seal according to claim 1, wherein said seal 
substrate comprises a polymer composite. 

9. An air seal according to claim 1, wherein the air seal 
is an outer air seal. 

10. An air seal according to claim 1, wherein the air seal 
is a knife edge seal. 

An air seal according to claim 1, wherein the 
polyimide foam is a thermomechanically densified 
foam. 

U 12. A gas turbine engine seal system comprising: 

ru 
u 

!L a seal assembly having a seal substrate and an abradable 

CO seal material applied to a bond layer; 

Ly 
w 

p said abradable seal material being composed of a densified 

polyimide foam;' and 

an engine component adapted for motion relative to the seal 
assembly and having an abrasive portion interacting with the 
abradable seal material, whereby the abrasive portion of the 
engine component and the abradable seal material of the seal 
assembly cooperate to provide sealing. 

13. A gas turbine engine seal system according to claim 
12, wherein said seal substrate comprises a stator box and said 
engine component comprises a disk. 



11. 

*~ densified 
v3 polyimide 
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14. A gas turbine engine seal system according to claim 
12, wherein said seal substrate comprises a portion of a case 
and said engine component comprises a rotatable vane. 

15. A gas 4 turbine engine seal system according to claim 
12, wherein: 



said engine component forms part of an engine having a 
centerline; 



said abradable seal material comprises a plurality of 
laminated layers of said polyimide foam having a lamination 
plane; and 




said lamination plane is substantially perpendicular to 
said centerline. 



16. s A^gas turbine engine seal system according to claim 
15, wherein said^Lamination plane is substantially parallel to a 
radial direction of sai£K<^ngine and substantially perpendicular 
to an axial direction of said e^rqiiie . 



17. A gas turbine engine seal system according to claim 
12, wherein said seal substrate comprises a component formed 
from a polymer composite. 



18. A gas turbine engine seal system according to claim 
12, wherein said densified polyimide foam comprises a 
thermomechanically densified polyimide foam. 



19. A gas turbine engine seal system according to claim 
12, wherein said polyimide foam has a density of at least 10 
pounds per cubic foot. 
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20. A gas turbine engine seal system according to claim 
12, wherein said polyimide foam has a density of at least 15 
pounds per cubic foot. 

21. A gas turbine engine seal system according to claim 
12, wherein said polyimide foam has a density in the range of 
from 12 pounds per cubic foot to 25 pounds per cubic foot. 

22. A gas turbine engine seal system according to claim 
12, wherein said polyimide foam has a shear strength in the 
range of 140 psi to 325 psi. 

23. A gas turbine engine seal system according to claim 
12, wherein said bond layer is formed by at least one adhesive 
strip . 

24. A gas turbine engine seal system according to claim 
12, wherein said bond layer is formed by a layer of adhesive 
material . 



25. method of forming an air seal having improved 
durabilityX comprising the steps of: 

providing\a polyimide foam; 




olyimide foam to form a layer of densified 



densif ying 
polyimide foam; 



providing a seal Substrate; and 

bonding said layer ofxiensified polyimide foam to a seal 
substrate to form said air sefel. 
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26. \& method according to claim 25, wherein said polyimide 
foam provid^ig step comprises providing a plurality of laminated 
layers of sai^ polyimide foam. 

27. A metl^pd according to claim 25, wherein said 
densifying step comprises thermomechanically densifying said 
polyimide foam. 



ru 



28. A method according to claim 27, wherein said 
thermomechanically densifying step comprises heating the 
polyimide foam to a temperature greater than 550 degrees 
Fahrenheit for a time su£fi#T^ 1 t to obtain a density greater 
than 10 pounds per cubic a\nd compressing the heated 
polyimide foam. 

29. A method accordjing\ to 4 laim 25 ' wherein said seal 



substrate providing step 



comprises providing an engine component 



to which said polyimide foam 



to be bonded. 



30. A method according to slaim 25, wherein said bonding 
step comprises applying a bondingynaterial to a surface of said 
polyimide foam and applying pressure to bond said bonding 
material to said seal substrate. 



31. A method according to claim\30, wherein said bonding 
material applying step comprises apply\ng at least one adhesive 
strip to said polyimide foam surface. 



32. A method according to claim 25,\further comprising 
curing said air seal after said bonding step. 
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33. & method according to claim 32, wherein said curing 
step comprises: 

placing said air seal in an autoclave; 

applying a vacuum to said air seal in said autoclaves- 
applying an autoclave pressure in the range of 8 psi to 12 

psi; 

ramping the temperature in said autoclave from an initial 
temperature in the range ofVfrom 65 degrees Fahrenheit to 85 
degrees Fahrenheit to a second tema^tature in the range of from 
400 degrees Fahrenheit to 420 ci^gi/ee^\ Fahrenheit ; 



maintaining said second tempt 
the range of 30 minutes to 1.5 ho| 



ratujre for a time period in 
and 



cooling said air seal. 

34. A method according to claim 33, Vherein said ramping 
step is carried out a ramp rate of from 3 degrees Fahrenheit per 
minute to 4 degrees Fahrenheit per minute, 

35. A method according to claim 34, whereifo said cooling 
step is carried out at a cooling rate of 3 degrees^ Fahrenheit 
per minute to 5 degrees Fahrenheit per minute, 



36. A method according to claim 32, further comprising 
placing said air seal in an oven after completion of said, curing 
step and postcuring said air seal. 
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method according to claim 36, further comprising 



drying said\ air seal prior to placing said air seal in said 
oven . 

38. A mekthod according to claim 37, wherein said drying 
step comprises Vieating said air seal to a temperature in the 
range of 225 decrees Fahrenheit to 275 degrees Fahrenheit for a 
time period in tl\e range of 1 hour to 48 hours. 

39. A method According to claim 36, wherein said 
postcuring step comprises: 

heating said oven Yo an initial temperature in the range of 
65 degrees Fahrenheit to\85 degrees Fahrenheit; 



ramping said initial 
the range of 630 degrees 



ature to a second temperature in 
mhfeit to 670 degrees Fahrenheit; 



holding said air seal at sadd second temperature for a time 
in the range of 60 minutes to 150\minutes; and 

thereafter cooling said air seal. 

40. A method according to claim 3§V wherein said ramping 
step is performed at a ramp rate of 1.5 decrees Fahrenheit per 
minute to 4 degrees Fahrenheit per minute, 



41. A method according to claim 40, wherein said cooling 
step is performed at a rate in the range of from\3 degrees 
Fahrenheit per minute to 5 degrees Fahrenheit per minute. 
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42. A .method according to claim 25, wherein said 
densifying step cdtftj^rises densif ying^vsaid polyimide foam to have 
a density greater than^sl^O pounds p&r $ubic foot. 



43. A method according eclair 
densifying step comprises densij 
a density greater than 15 pounc^fe per 



wherein said 
lid polyimide foam to have 
ibic foot. 



W 

W 



44. A method according to claim 25, whef^ said 
densifying step comprises densifying said polyimid^^oam to have 
a density in the range of from 12 pounds per cubic foot^Q 25 
pounds per cubic foot. 
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